AIM To determine the long-term course of difficulty in participation of individuals with cerebral palsy (CP) without intellectual disability between 16 years and 34 years of age.
Cerebral palsy (CP) is a common childhood-onset physical disability causing activity limitation. 1 CP research and health care have traditionally focused on children, but as these children grow older, their participation in daily life changes. The transition from adolescence to adulthood is considered to be a critical phase to develop optimal participation in society. 2 Although health care services and education for children with CP are well developed, health care providers often struggle to offer appropriate care to support participation of this group in adulthood. 3 Participation is defined by the International Classification of Functioning, Disability and Health (ICF) as 'involvement in a life situation' and encompasses, among others, the domains: domestic life, education and employment, interpersonal interactions and relationships, and community, social, and civic life. 4 Studies on adolescents and adults with CP have demonstrated participation restrictions, that is problems individuals experience in involvement in life situations. 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] Some of these studies have addressed whether or not individuals actually performed certain life habits, [9] [10] [11] or how often they performed them in daily life. 7, 12 According to the ICF, participation performance can be qualified objectively by the experienced difficulty or the use of assistive devices or human assistance needed in performing life habits. 4 These qualifiers were used in cross-sectional studies showing that adolescents and young adults with CP may experience difficulty in participation, particularly in participation in education and employment and in community, social, and civic life. 6, 8, 13, 14 One study indicated that low proportions of adults with CP were dependent on human assistance in these participation domains. 14 Although individuals with CP experience difficulty in participation during transition into adulthood, 2 no systematic knowledge is available on the long-term course of participation towards their late 20s or early 30s. At this age social roles are likely to change, from being dependent on one's parents to, for instance, living independently, being employed, and maintaining a stable relationship. These changes with increasing age are accompanied by growing social and environmental demands. 15 We therefore hypothesize that difficulty in participation increases for individuals with CP in their mid-or late 20s. The aim of the present study was to longitudinally investigate difficulty in participation in this age range by Gross Motor Function Classification System (GMFCS) level, since level of function is known to be related to participation. 9, 13, 16 Furthermore, in the present study we focus on individuals without intellectual disability, since participation trajectories differ greatly for individuals with intellectual disability. 9 These longitudinal curves may help individuals with CP and health care providers to timely focus on those aspects of participation where difficulties are experienced, in order to achieve optimal participation in adult life. Therefore, this study examines the long-term course of difficulty in participation of individuals with CP in GMFCS levels I to IV (without intellectual disability) aged 16 to 34 years.
METHOD Participants
The long-term prospective cohort study PERRIN DEC-ADE is part of the Pediatric Rehabilitation Research in the Netherlands (PERRIN) programme. A 13-year follow-up assessment was performed of the PERRIN 9 to 16 cohort (baseline age: 9-13y, n=108), with previous yearly assessments over the course of 3 years; and the PERRIN 16 to 24 cohort (baseline age: 16-20y, n=103), with three previous biennial assessments over the course of 4 years. The recruitment process for both cohorts is described elsewhere. 13, 17 Eligible participants had a clinical diagnosis of CP and sufficient knowledge of the Dutch language to participate. In the PERRIN 16 to 24 cohort study, individuals with intellectual disability (roughly IQ<70) were excluded, since its primary focus was transition to an independent adult lifestyle. 13 
PERRIN-DECADE recruitment
The study was approved by the medical ethical committees of VU University Medical Center and Erasmus MC University Medical Center. Figure S1 (online supporting information) presents a flowchart of the 13-year follow-up recruitment and observations included in the present study. Of all 211 participants of the PERRIN 9 to 16 and PER-RIN 16 to 24 cohorts, 198 participants were invited for a 13-year follow-up assessment. The remaining 13 former participants were not invited because (1) one had deceased, (2) nine had indicated no interest in further participation, and (3) three were excluded (their initial diagnosis could not be confirmed). Finally, 122 participants (62% response) gave informed consent and participated in the 13-year follow-up assessment. The follow-up data were added to the existing longitudinal PERRIN database, which was used for the present analyses.
The present study addresses difficulty in participation, for which data were collected only for individuals aged 16 years or over; thus, individuals without observations over age 16 years were excluded (n=33). In addition, individuals with intellectual disability (n=21) or in GMFCS level V (n=3) were excluded because of the small numbers of individuals in these categories with longitudinal observations. Thus, 151 individuals with CP (without intellectual disability) were included in the present analyses; of these, 105 (70%) were measured twice or more (see Figure S2 , online supporting information).
Measures

Life Habits questionnaire
To assess difficulty in participation, an aspect of restricted participation, the Dutch version of the Assessment of Life Habits questionnaire 3.0 general short form (LIFE-H) was administered. In addition to the domains addressing social roles (interpersonal relationships, education, employment, recreation, community life, and responsibilities), the housing domain was also assessed as we considered this to reflect a relevant domain of participation. 4, 18 All domains contain six to eight items, except for the education domain (three items). The employment and education domains were combined into one score, since only one item of the education domain (either participation in high school or professional training) was applicable for each participant, and the employment domain includes two items that can reflect participation in education.
Items addressed two ICF qualifiers of participation performance: the difficulty experienced and the assistance needed with a life habit. Difficulty was recorded as 'no difficulty', 'some difficulty', 'accomplished by a proxy', or 'not accomplished'. Assistance was recorded as 'no assistance', 'use of assistive device', 'adaptation', and/or 'with human assistance' (dependent functioning). If an item was applicable, a combined item score of 0 to 9 was assigned. 19 From item scores mean domain scores were calculated, which were linearly transformed into a 0 to 10 score, with 10 indicating optimal participation (see Table SI , online supporting information). Principal component analysis has shown acceptable unidimensionality within each domain, 20 thus supporting their use as an interval scale. LIFE-H domain scores of 8.89 or more reflect independent functioning (i.e. functioning without human assistance) without difficulties, scores of 5.57 to 8.88 indicate independent functioning with difficulties, and scores of 5.56 or lower indicate dependent functioning or inability to accomplish (see Table SI ). 21 Cut-off scores similar to earlier studies were used, after correction for transformed score ranges. 13, 20 The LIFE-H covers the ICF domains of participation well, is a valid instrument to measure performance of participation, and has good interrater and intrarater reliability. 19, 22 What this paper adds • Difficulty in participation increases in the mid-and late 20s for individuals with CP.
• Participation in recreation/community life improves before age 23 years for those in Gross Motor Function Classification System levels III and IV.
Course of Participation Difficulties in CP Marloes van Gorp et al. 195 Characteristics of CP Type of motor impairment was recorded as spastic (limb distribution: unilateral/bilateral), dyskinetic, ataxic, or mixed CP. 23 Level of motor functioning was recorded using the GMFCS, addressing five categories of gross motor function ranging from level I (highest level) to level V (lowest level); this has been validated for children and adults with CP. 24 
Statistical analysis
Descriptive statistics for baseline CP characteristics were performed using SPSS 22 (IBM Corp., Armonk, NY, USA). Mean domain scores and proportions of participants experiencing difficulty (score <8.89) and in need of human assistance (score ≤5.56) were described for observations in four age intervals (16-18y, 19-22y, 23-26y, and 27-34y).
The longitudinal course of difficulty in participation for each LIFE-H domain was analysed using multilevel modelling in MLwiN 2.28 (Centre for Multilevel Modelling, Bristol University, Bristol, UK), in which assessments were clustered within individuals. Age (continuous variable, range 16-34y) and GMFCS level at baseline (categorical variable, GMFCS level I as reference category) were included as independent variables. Additionally, age squared and the interactions of GMFCS level and age (and age squared, if applicable) were included in the model, if significant according to the Wald statistic. To account for individual variation, a random intercept and regression coefficient for age were included if they improved the model, evaluated by the likelihood ratio test. To check the analyses, models were repeated excluding individuals with only a single observation. To study possible decline of participation of individuals in their mid-and late 20s, additional analyses were done by repeating the multilevel models on the subgroup of observations across the age range of 23 to 34 years. A p-value lower than 0.05 was considered significant for all analyses.
To study potential influence of dropouts the distribution of sex, GMFCS level, and type of CP of individuals who dropped out (n=60) were compared to baseline (n=211) using a v 2 test.
RESULTS
Participant characteristics
The analyses included 379 observations of 151 individuals with CP without intellectual disability over the age range of 16 to 34 years. Most of the participants were male (63%), and most (71%) were classified in GMFCS level I (n=107), 11% in GMFCS level II (n=16), 7% in GMFCS level III (n=11), and 11% in GMFCS level IV (n=17). The most common CP subtype was spastic CP (88%; 49% unilateral and 51% bilateral). Others had a dyskinetic (3%), ataxic (3%), or mixed type of CP (6%). Analysis showed that dropout was not selective regarding sex, GMFCS level, or type of CP. The additional analyses over age range 23 to 34 years were conducted on a subsample including 129 observations of 102 individuals. The distribution of sex, CP subtype, and GMFCS level of this subsample was comparable to the full sample. Figure 1 presents the mean participation domain scores of the four age intervals for each GMFCS level (I-IV). Figure 2 presents the proportions of individuals experiencing difficulty or needing human assistance in these age intervals by GMFCS level (for details see Table SII , online supporting information). Table SIII (online supporting information) shows the proportions of individuals that considered each LIFE-H item applicable in the four age intervals; for most items, these proportions tended to increase with observations of increasing age intervals. On average, individuals in GMFCS level I experienced no difficulty in participation in all domains (i.e. mean scores ≥8.89; Fig. 1 ). Nevertheless, 41% of individuals in GMFCS level I, 77% in GMFCS level II, 88% in GMFCS level III, and 95% in GMFCS level IV experienced difficulty in one or more of the participation domains. The highest proportions of difficulty were observed in individuals in GMFCS level IV, the oldest age range (23-34y), and in the housing, education and employment, and recreation domains (Fig. 2) .
Descriptives of participation
Regarding dependency, Figure 1 shows that, on average, individuals with CP functioned independently in all domains (mean scores >5.56), except for adolescents (16-18y) in GMFCS level IV in recreation and community life. Apart from adolescents in GMFCS level IV, small proportions of individuals in GMFCS level II and III reported dependency in the participation domains (Fig. 2) . Table I shows the regression coefficients of the longitudinal models of the six participation domains over the entire age range (16-34y) . Random intercepts were included in all models. Random regression coefficients for age were included in the models of interpersonal relationships, recreation, and community life. Table II shows the results of the additional analyses on participation domains of those individuals aged 23 to 34 years. Random intercepts were included in these additional models of housing, education and employment, and responsibilities, and no random regression coefficients for age were included. A ceiling effect was present in the participation scores on all domains; however, residuals of the models were normally distributed, allowing linear modelling.
Long-term course of participation
Regression coefficients for age (and age squared) showed a decrease of housing and interpersonal relationships scores over age range 16 to 34 years (Table I) , indicating an increase of difficulty in participation on these domains. Additionally, a decrease of recreation scores was observed over age range 23 to 34 years (Table II) . Regression coefficients for GMFCS showed that individuals in GMFCS level IV scored lower (i.e. more difficulty) than individuals in GMFCS level I on all domains (Table I) , except for education and employment of individuals in their mid-and late 20s (Table II) . Individuals in GMFCS level II scored lower than those in GMFCS level I for education and employment, and community life, and those in GMFCS level III for recreation and community life ( Table I ). The course of difficulty in each participation domain is described in more detail below.
Participation in housing
Housing scores decreased with increasing age for all GMFCS levels (p<0.001; Table I ). This decrease was stronger for individuals in GMFCS levels II and III compared to GMFCS level I, indicated by the significant interaction of age and GMFCS level II (p=0.007) and GMFCS level III (p=0.002). The additional analysis confirmed a significant decrease in housing scores with increasing age in the mid-and late 20s (p<0.001; Table II ).
Participation in interpersonal relationships
Interpersonal relationships scores showed a quadratic association with age over the 16 to 34 years age range (Table I) , indicating a decrease in score irrespective of GMFCS level which was more pronounced towards the end of the age range. The additional analysis confirmed a decrease of interpersonal relationships scores in the midand late 20s (Table II) . Participation in education and employment Education and employment scores showed no significant relationship with age in the 16 to 34 years age range (Table I) . Additional analysis showed a trend towards decreasing scores for those in GMFCS level I with increasing age in the mid-and late 20s. Furthermore, significant interactions between age and GMFCS level indicate a stronger decrease of scores for GMFCS level II (p=0.012) and GMFCS level IV (p=0.005) compared to GMFCS level I in participants in their mid-and late 20s (Table II) .
Participation in recreation
Recreation scores showed a different course for GMFCS levels III and IV compared to the relatively stable course of GMFCS level I, indicated by the significant interactions of age and age squared with GMFCS level (Table I) . Figure 1 shows an initial increase of scores for GMFCS levels III and IV for age range 16 to 23 years. Additional analysis showed a decrease of scores in the mid-and late 20s, irrespective of GMFCS level (p=0.008; Table II) .
Participation in community life
Community life scores showed a different course for GMFCS levels II to IV compared to GMFCS level I (significant interactions of age and age squared with GMFCS level; Table I ). An increase of scores for GMFCS levels II to IV is visible for the age range 16 to 23 years (Fig. 1) . Additional analysis showed a trend towards decreasing scores in the mid-and late 20s of individuals in GMFCS level I with age and a significant interaction of age and GMFCS, indicating a stronger decrease in GMFCS level II compared to GMFCS level I (Table II) .
Participation in responsibilities
For responsibilities, scores showed no significant relationship with age in the 16 to 34 years age range. Additional analysis showed a different course (i.e. a larger increase) in the mid-and late 20s of GMFCS level IV compared to GMFCS level I (p<0.001; Table II) .
DISCUSSION
This is the first study to present the long-term course of difficulty in participation of individuals with CP without intellectual disability from adolescence into their late 20s and early 30s, described by GMFCS level (I-IV). In their mid-and late 20s, these individuals showed increasing difficulty in five of the six participation domains. Individuals in GMFCS levels III and IV showed an improvement in participation in recreation and community life during adolescence and early adulthood. As hypothesized, difficulty in participation increased with increasing age in the mid-and late 20s in all domains (except for responsibilities); this may be due to an agerelated change of desired or socially defined roles when developing into full adulthood, 15 such as expectations regarding living situation, employment, and maintaining relationships. This mechanism, when taking on adult roles or increasing expectations of the young adults and their environment lead to more difficulties, can be indicated as 'growing into a deficit'. 25 This assumption is supported by an increase in the proportion of the LIFE-H items considered relevant to participants with increasing age (Table SIII) . No longitudinal studies were available for comparison. Cross-sectional studies in adult populations, however, found no significant relationship between difficulty in participation and age. 5, 14 Still, Boucher et al. also argued younger participants seemed to participate without difficulty more often. 5 The discrepancy with the present results might be attributed to the specific age window and/ or larger sample size of the study, therefore focusing more specifically on the phase of development towards adult roles, when demands and expectations are assumed to change. Future research may investigate this assumption by studying the possible discrepancy between expectations for adult life of individuals with CP and their actual participation performance. For now, our results indicate that attention is required for participation difficulties of individuals with CP in their 20s.
Our results add to the evidence that individuals with CP who are more severely physically impaired experience more problems in participation compared to those with milder impairment. 5, 9, 10 Furthermore, in recreation and community life, individuals with lower levels of motor functioning continued to develop their level of participation into their early 20s, while those with higher levels of motor functioning reached maximal levels at a younger age. As a consequence, individuals in GMFCS level IV reached independence in participation at an older age. In contrast, these individuals have been found to reach their motor capacity limits younger than less affected peers, or even decline in motor capacity in their adolescence. 26 Furthermore, according to their level of motor functioning, they require human assistance in specific movements, for example in making transfers. 24 The present results indicate that prerequisites of participation differ from those of motor functioning or capacity. Therefore, although level of GMFCS is an important determinant for participation, there are also other factors to consider. Assistive devices or adaptations, for instance, may successfully contribute to independent participation of individuals in GMFCS level IV.
We found high average levels of participation; however, substantial proportions of individuals with CP experienced difficulty and some needed human assistance in participation. Domestic life, education and employment, and recreation deserve special attention, since the proportions of difficulty were particularly high in these domains. 6, 14 The discrepancy between high average levels of participation versus large proportions of individuals with CP experiencing difficulty indicates a need to systematically check for participation difficulties in order to offer appropriate personalized care.
Strengths and limitations
Because of the exclusion of individuals with intellectual disability and the dropouts during follow-up, this study included low numbers of participants in GMFCS levels II to IV (especially in the oldest age interval) which increases uncertainty. The additional analyses over the 23 to 34 years age range lacked the added value of longitudinal research, since most observations in this age range were from the 13-year follow-up only and were, therefore, of a cross-sectional nature. Furthermore, the LIFE-H domain scores were averaged from six to eight ordinal items. These scores were assumed to be at the interval level, which was previously supported by their unidimensionality. 20 We are aware of an ongoing discussion regarding the concept of participation, with different approaches to define participation, also including more subjective aspects of participation (such as involvement) and participation-related constructs (such as activity competence). 27, 28 In the present study we used the ICF definition of participation with its qualifiers, assessing performance objectively. Accordingly, the LIFE-H domain scores were designated as participation outcomes. Some of the items may be considered activities rather than participation (e.g. moving around within your home), but most items were classified to assess participation. 29 Our results provide valuable insights for individuals with CP and rehabilitation clinicians regarding experienced difficulty in participation. Future studies may add to this regarding subjective aspects of participation, reflecting individuals' preferences or satisfaction with participation.
Clinical implications and recommendations
Clinicians should be aware that increasing proportions of individuals with CP in their 20s and early 30s may experience difficulties in participation, particularly in domestic life, education and employment, and recreation. These individuals may benefit from systematic screening of potential participation problems and adequate support or training in several life areas, for example supporting them towards independent living or when entering the labour market. 30 Our results address difficulty in participation performance. Other aspects of participation, such as frequency of participation or an individual's subjective experience of participation, are also important to consider in clinical decision-making. Specific consideration is needed for individuals in GMFCS level IV in order to set realistic expectations for future functioning, since they continuously experienced more difficulties than their peers in adolescence and adulthood. Future studies might extend the present results by investigating the subgroup of individuals with CP with intellectual disability, since intellectual disability is an important factor limiting participation, 8, 9 and by estimating the influence of personal and environmental factors on difficulty in participation.
CONCLUSION
Difficulty in participation increases in the mid-and late 20s of individuals with CP without intellectual disability. Although individuals with CP have high mean levels of participation, many still experience difficulty in participation. Thus, systematic screening and timely support seem necessary to improve the development of optimal participation of young adults with CP.
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